The current study examines the EEG spectra of actively drinking, treatment-naive alcoholics (TxNAs).
G
IVEN ITS HIGH heritability and dramatic response to alcohol intoxication, the EEG has been studied extensively as a trait marker for the genetic vulnerability to alcoholism. Many studies have reported increased slow ␣ activity as a response to ethanol ingestion in both men and women (Cohen et al., 1993; Ehlers et al., 1989; Lukas et al., 1986 Lukas et al., , 1989 , and some have revealed changes in and fast ␣ activity as well (Ehlers et al., 1989; Lukas et al., 1986; Volavka et al., 1985) . The background EEG is highly heritable (e.g., Van Baal et al., 1996) , as is alcoholism (Begleiter and Porjesz, 1999; Foroud et al., 1998 Foroud et al., , 2000 . Moreover, the heritability of the EEG recorded after alcohol administration is even higher than that recorded under resting conditions (Propping, 1977; Sorbel et al., 1996) . In alcohol challenge studies, Ehlers and Shuckit reported increased ␤ in family history-positive (FHP) versus family history-negative (FHN) men 90 min after ethanol ) and a decrease in fast ␣ after ethanol in FHN but not FHP participants (Ehlers and Schuckit, 1991) .
Several studies have examined EEG power as a trait marker for alcoholism, comparing individuals at high versus low risk for development of alcoholism, with varying results. In a recent study, Rangaswamy et al. (2004) found increased ␤ power in FHP individuals. Pollock et al. (1995) reported increased ␤ power in older FHP individuals compared with age-and sex-matched controls. Ehlers and Schuckit (1991) found increased baseline fast ␣ in FHP participants. In contrast, Finn and Justus (1999) found that the offspring of alcoholics showed reduced ␣ power and increased ␤ power compared with FHN controls. Finally, Cohen et al. (1991) found no ␣ or ␤ EEG power differences between FHP and FHN samples.
Compared with the studies of high-risk samples, there have been relatively few studies of alcoholic samples. Rangaswamy et al. found increased power in alcoholics (Rangaswamy et al., 2003) , as well as increased low ␤ power in male alcoholics and increased mid ␤ power in female alcoholics (Rangaswamy et al., 2002) . Pollock et al. (1992) examined the EEG spectra (␦ through ␤) and found increased amplitude for recovered alcoholics but no differences for any other band. These EEG spectral studies included large numbers of participants with comorbid substance abuse disorders, antisocial personality disorder, and depression, all factors independently associated with abnormal EEG power (Bauer and Hesselbrock, 1993; Costa and Bauer, 1997; Knott et al., 2001; Newton et al., 2003; Petersen et al., 1982) . Finn et al. (2000) reported that social deviance proneness and excitement/pleasure seeking account for a significant portion of the relation between a positive family history of alcoholism and later alcohol abuse. Current theories propose that disinhibition is a fundamental mediator of the inherited predisposition toward alcohol dependency (Begleiter and Porjesz, 1999; Cloninger, 1987; Sher et al., 1991; Tartar et al., 1985) . It has been proposed that behavioral phenomena such as psychopathy, antisocial and impulsive traits, and alcoholism should be viewed as variable expressions of a generalized disinhibitory complex (Gorenstein and Newman, 1980) . Several studies have reported that EEG power in externalizing disorder samples is similar to that seen in FHP samples. Excessive activity has been associated with a number of indicators of disinhibited personality, such as antisocial personality (Mednick et al., 1981) , attention-deficit/hyperactivity disorder (Barry et al., 2003) , borderline personality disorder (Russ et al., 1999) , and criminality (Petersen et al., 1982; Raine et al., 1990) . Excessive activity is thought to indicate cortical underarousal and has been associated with measures of low autonomic arousal (Raine et al., 1990) . Some theorize that excessive reflects delayed cortical maturation and poor behavioral control that often leads to disinhibited behavioral syndromes such as antisocial personality and substance abuse (Ishikawa and Raine, 2002) . Alpha power has been reported to be increased in persons with extroverted personality traits (Wall et al., 1990) .
The current study examines closed-eyes resting EEG power in treatment-naive, actively drinking alcoholics (TxNAs) compared with age-and sex-matched controls. This study excludes participants with lifetime diagnoses of comorbid psychiatric or substance abuse disorders. Participants were currently drinking, met current DSM-IV-R (American Psychiatric Association, 2000) criteria for alcohol dependence, and had never sought treatment for alcoholism; in fact, none of the TxNA participants identified themselves as alcoholics. This sample is more representative of alcoholdependent individuals in the general population than are treated samples. We have shown that they come from a different population than treated samples, with less severe drinking histories in the first 4 to 5 years after meeting criteria for heavy drinking (Fein and Landman, 2005) . During this period, long-term abstinent alcoholic men and women drank an average of 210 and 134 drinks/month, whereas TxNA men and women drank an average of 165 and 98 drinks/month, respectively. In the current study, we examined the EEG spectra of the TxNA sample and its association with age and drinking variables.
METHODS

Participants
All participants were recruited from respondents to postings, mailings, newspaper advertisements, advertisements on an Internet site, and referrals from other participants. The study involved a sample of treatmentnaive, actively drinking, alcohol-dependent individuals, and a control sample matched on a one-to-one basis on sex and age with the TxNA sample. The TxNA group was recruited by advertising for "heavy social drinkers" or "men and women who have a high tolerance for alcohol." None of the TxNA participants identified themselves as alcoholics, and we never used the word alcoholism in referring to these participants, either in our advertisements or in their assessment procedures.
The TxNA group (n ϭ 51) was comprised of 20 women and 31 men aged between 19 and 50 years (mean, 31.9 years; SD, 8.0 years). Table 1 presents participant demographics, alcoholism family history measures, alcohol use variables, a measure of the number of symptoms of externalizing disorders, and two personality measures of deviance proneness, the California Psychological Inventory Socialization Scale (Gough, 1994) and the Minnesota Multiphasic Personality Inventory 2 Psychopathic Deviance Scale (Hathaway, 1989) .
The inclusion criteria for the TxNA group was that they met lifetime DSM-IV-R criteria for alcohol dependence, that they were currently drinking, and that they had never sought treatment for alcoholism. DSM-IV criteria for alcohol dependence were assessed from an initial phone interview with the participants. Participants were asked a series of questions taken from the DSM-IV-R criteria for alcohol abuse and dependence. If a participant answered "yes" to three or more of these questions at any time in the same 12-month period, he or she met the criteria for alcohol dependence. Similar questions were asked for all other drugs used more than experimentally to exclude individuals who met the criteria for abuse or dependence on other drugs. Inclusion criteria for the control group was a lifetime drinking average of less than 30 alcohol-containing drinks/ month and never having exceeded 60 drinks/month (a standard drink was defined as 12 oz of beer, 1.5 oz of liquor, or 5 oz of wine).
All participants were given a computerized psychiatric diagnostic evaluation (Computerized Diagnostic Interview Schedule; Robins et al., 1998) and psychological assessments. Separate lifetime use data were gathered for alcohol and all drugs used more than experimentally (using the timeline follow-back methodology of the Lifetime Drinking History Questionnaire; Skinner and Sheu, 1982; Sobell and Sobell, 1992) . Participants also had their medical history reviewed, had blood drawn to test liver function, and completed the Family Drinking History Questionnaire, based on the Family Tree Questionnaire by Mann et al. (1985) . We derived two measures from the Family Drinking History Questionnaire: the number of first-degree relatives that were identified by the participant as problem drinkers and the proportion of first-degree relatives that were identified as problem drinkers. Postalcohol withdrawal hyperexcitability (PAWH) was implemented partway through the study, after which it was administered to all TxNAs (n ϭ 28). PAWH was measured using a self-report questionnaire where participants estimated (on a 0-to10-point scale) the frequency and distress caused by physical and psychological symptoms experienced during alcohol withdrawal. For the frequency estimate, 0 meant never, 1 corresponded to 10% of the times one ceased drinking, and 10 indicated that the symptom was experienced 100% of the time one ceased drinking. For the degree of distress caused by the presence of the symptom, 0 meant not at all distressing, 5 meant somewhat distressing, and 10 meant "unbearable." The symptoms were compiled from the Diagnostic Interview Schedule (DIS) (Robins et al., 1998) , the alcohol dependence scale (Skinner and Allen, 1982) , and Semi-Structured Assessment for the Genetics of Alcoholism interviews (Bucholz et al., 1994) . We computed the average frequency and intensity over eight symptoms that measure PAWH: (1) shaking (hands trembling, shaking inside); (2) feeling tense, nervous, or anxious; (3) feeling fidgety or restless; (4) having trouble concentrating; (5) heart pounding or beating rapidly; (6) feeling hypersensitive to stimuli (e.g., light, sound, touch); (7) having difficulty sleeping; and (8) having memory problems.
Exclusion criteria for both groups were (1) history or presence of an axis I diagnosis on the DIS; (2) history of stroke, diabetes, or hypertension that necessitated medical intervention; (3) significant history of head trauma or cranial surgery; (4) clinical or laboratory evidence of active hepatic disease; (5) Wernicke-Korsakoff syndrome; (6) history of drug dependence other then caffeine or nicotine; or (7) current substance abuse other then alcohol (aside from caffeine and nicotine). As noted above, substance abuse and dependence were determined from the phone interviews where follow-up questions were asked for all drugs (other than caffeine or nicotine) and where the participant acknowledged more than experimental use.
Each participant was informed as to the nature of the study and procedures and signed a consent form before participation. Participants were to complete a total of four sessions that included clinical, neuropsychological, electrophysiological, and neuroimaging assessments. All participants were to abstain from drinking for 24 hr before each laboratory visit, and a Breathalyzer (Draeger, Durango, CA) test was administered before each session. No participants in the current study had positive Breathalyzer results (Ͼ 0.000) on any of the study sessions. We did not test for other drugs of abuse. For the purposes of this study, we examined only the data during the closed-eyes, resting portion of the EEG session, which took place on the third visit. All participants who completed a session were paid for the session and any travel expenses. Participants also received a completion bonus if they completed all four sessions of the study.
EEG Recording and Artifact Reduction
As noted above, participants were given a Breathalyzer test on arrival at the EEG laboratory; a 0.000 Breathalyzer result was required to continue the session. Participants were seated comfortably in a soundattenuated room. The computer screen, used in presenting stimuli for other EEG/ERP (event-related potential) experiments, was turned off. The participants were asked to relax with their eyes closed for 5 min. During the course of the study, two EEG acquisition systems were used, a 40-channel system (n ϭ 87) and a 64-channel system (n ϭ 15). Only the midline electrodes, which were common to both systems, were examined for this study. The reference was the right ear for all recordings, and ground was 4 cm above the nasion for 40-channel caps and 8 cm above the nasion for 64-channel caps. EEG data were acquired using the NuAmps (NuAmp, Neuroscan, Inc., El Paso, TX) single-ended, 40-channel amplifier and Scan 4.2 Acquisition Software (Neuroscan, Inc.) for the 40-channel recordings. The NuAmps amplifier had a fixed range of Ϯ130 V sampled with a 22-bit A/D converter where the least significant bit was 0.062 V. For the 64-channel recordings, EEG data were acquired using the SynAmps2 (SynAmps2, Neuroscan, Inc.) amplifier and Scan 4.3 Acquisition Software (Neurosoft, Inc.). The SynAmps2 amplifier had a fixed range of Ϯ333 V sampled with a 24-bit A/D converter where the least significant bit was 0.019 V. Electrode impedances were maintained below 10 k⍀. The sampling rate was 250 samples/sec, and activity was recorded for 5 min. Data from control participants whose data were collected using the different amplifier systems (NuAmps, SynAmps2) were examined and revealed no differences associated with the different acquisition amplifiers. Vertical eye movements were recorded by electrodes above and below the left eye for later reduction of ocular artifact.
Raw data were processed offline using the Edit Program in Scan 4.3 (Neurosoft, Inc.). Data from the first and last minute were discarded, and the analysis was performed on the middle 3 min of recordings. Ocular artifacts were removed using the ocular artifact reduction algorithm (ARTCOR) implemented in Scan4.3 (Neuroscan, 2003) . Data were then band-pass filtered between 0.5 and 30 Hz at 48 dB/octave. Power spectra were computed using the Scan4.3 AVERAGE procedure, which computes a standard power spectrum adapted from the Cooley-Tukey method on 512 sample epochs (2.044 sec in duration) using a 10% cosine taper. Average power spectra were then aggregated for six frequency bands:
(3-7.5 Hz), low ␣ (7.51-10 Hz), high ␣ (10.01-12 Hz), low ␤ (12.01-16 Hz), mid ␤ (16.01-20 Hz), and high ␤ (20.01-28 Hz). A natural log transformation was applied to the absolute power data to normalize the distributions.
Statistical Analysis
This article examines only the midline recordings common to all participants (Fz, FCz, Cz, CPz, Pz, Oz). Repeated-measures ANOVA was performed on the log power-dependent variables using the General Linear Models procedure in the Statistical Analysis System (SAS Institute, 1990, Cary, NC), with age, group, and sex as between-subject effects and EEG band and electrode as repeated measures. The association of band power with age and alcohol use variables was analyzed using Spearman correlations. Because alcohol use duration is partially confounded with age (older participants have had a longer life in which to drink), associa- tions of EEG measures with alcohol use duration and with age were examined using partial correlation analysis (i.e., association of EEG measures and age with alcohol use duration partialled out, and association of EEG measures and alcohol use duration with age partialled out). Table 1 presents the demographic, alcohol use, and subject variables for men and women in each group. As noted above, the TxNA group and controls were matched for age and sex, with age ranging from 19 to 50 years. The groups were also similar in education. The TxNA group had more first-degree relatives who were problem drinkers [F(1,98) ϭ 6.72, p Ͻ 0.02], but this effect was not very large, with group membership accounting for only 6.2% of the variance of the number of first-degree relatives who were problem drinkers. As expected, the groups differed in terms of alcohol use measures (group membership accounted for 5.2% of the variation in duration of active drinking, 64.1% of the variance of average lifetime drinking dose, 59.8% of the peak dose variance, and 58.7% of the variance of the drinking dose in the 6 months immediately before the study). The TxNA group, compared with controls, had a larger number of externalizing symptoms (the sum of Antisocial Personality Disorder and Conduct Disorder symptoms on the DIS; Robins et al., 1998) , with group membership accounting for 8.5% of the symptom count variance [F(1,98) ϭ 9.96, p Ͻ 0.003]. They also showed more evidence of deviance proneness on both the California Psychological Inventory Socialization Scale (group accounting for 21.7% of the variance [F(1,98) ϭ 27.85, p Ͻ 0.0001]) and the Minnesota Multiphasic Personality Inventory Psychopathic Deviance scale (group accounting for 9.8% of the variance [F(1,98) ϭ 10.64, p Ͻ 0.002]).
RESULTS
Group Differences in Demographic and Subject Variables
As described above, PAWH was measured using a selfreport questionnaire where participants estimated (on a 10-point scale) first the frequency and then the distress level of physical and psychological symptoms experienced during alcohol withdrawal. The TxNAs mean score (Ϯ SD) for the frequency of withdrawal symptoms was 2.46 Ϯ 1.6, meaning that, on average, they experienced withdrawal symptoms after drinking 24.6% of the time. On the distress level scale (10-point scale), 0 indicated that the withdrawal symptoms bothered the participant "not at all," 3 indicated that the symptoms were "a little bothersome," and 5 indicated that the symptoms were "somewhat bothersome." The mean score for distress was 2.91 Ϯ 1.89, indicating that the participants typically found the distress of withdrawal symptoms less than "a little bothersome." There were no significant associations between EEG power and withdrawal measures.
EEG Power
Analysis of Between-Group Effects (Between-Subject Variance).
In the between-subjects analysis (power averaged across bands and electrodes), group membership accounted for 4.0% of the log power variance [F(1,93) Figure 1 presents this data. The strongest group differences were observed for low ␣ and mid ␤, where the TxNA group had higher power at all midline electrode locations except the most frontal (Fz). The TxNA group showed higher power at the central-posterior sites (CPz, Pz, Oz) for high ␤. For , high ␣, and low ␤, the TxNA group had higher power at CPz and Oz, with a trend toward higher power at Pz.
There were band-by-age interactions, electrode-by-age interactions, and group-by-band-by-electrode-by-age interactions [all F(5,465 ) Ͼ 4.88, p Ͻ 0.002], indicating that the correlations with age differ across groups, bands, and electrodes. To better understand this data, we computed age correlations for each group at each electrode within each band. Table 2 presents these associations. In the controls, there were only a few age associations. For high ␣, there was a negative association at Fz, as well as trends for negative associations at FCz and Oz. For low ␤, a positive association with age was observed at CPz, with a trend at Cz. Similarly, positive associations between age and power were observed at these same electrode locations for mid and high ␤.
Within the TxNA group, the age associations were consistently negative and showed strong patterns across electrodes within specific bands. Strong negative correlations with age were observed at all midline electrode sites for , high ␣, and low ␤ power. For mid ␤ power, negative associations were observed only at Oz, and for low ␣ and mid ␤ power, only a trend for a negative correlation at Oz was observed.
Because age may potentially be confounded with lifetime drinking duration (older participants may have had a longer time to drink), we examined the association between lifetime drinking duration and power measures in the TxNA group. There were strong negative associations between power and lifetime drinking duration for , high ␣, and low ␤ at all electrode sites and for low ␣ power and mid ␤ power at Oz, with a trend for high ␤ at Oz (Table 2) .
Within the TxNA group, we next examined the associations between age and power with lifetime drinking duration partialled out. These partial correlations were close to zero (Table 2 ). Because negative associations with age were not Fig. 1 . Displays group differences in EEG power for each band at each midline electrode location. For presentation purposes, the inverse of log (power) has been used to show the results as power on a natural log scale. p values of trends are noted in superscript. *p Ͻ 0.05; **p Ͻ 0.005; ***p Ͻ 0.0001. seen in controls, the simplest explanation for this pattern of results is that these negative associations in the TxNA group of age with EEG power are a consequence of the negative association of abusive drinking with power.
In a search for additional evidence supporting this hypothesis, we examined the association between lifetime drinking dose (drinks/month) and the power measures within the TxNA group. Table 3 presents these associations. There were strong negative associations at all electrode sites of the alcohol dose variables with low ␤, mid ␤, and high ␤, as well as negative associations with low ␣ power at Fz, FCz, Cz, and CPz, with a trend for an association at Pz. Negative associations were also evident for high ␣ power at the frontal electrodes, with a trend for a negative association for power at Pz and Oz. These negative associations between alcohol dose and power measures is consistent with the hypothesis that the negative associations of power measures with age and with lifetime duration of drinking in the TxNA group are a consequence of abusive drinking rather than of age per se.
The few associations observed between power and lifetime drinking dose in the controls were more sporadic, weaker, and positive rather than negative. These positive associations and trends were seen for power at CPz; low ␣ power at Cz, CPz, Pz, and Oz; and mid ␤ power at Oz. It is of interest that in the controls, the effects of moderate or light drinking may have the opposite effect of that seen in the alcohol-dependent sample, with alcohol use actually increasing EEG power.
In the TxNA group, the measures of alcohol use during the 6 months before study were very highly correlated with the average lifetime dose measures (r ϭ 0.93). For this reason, we did not examine the associations of recent alcohol dose with EEG measures, because the results would have been entirely redundant with the results for average dose. Finally, we found no associations of the power measures with either of the family history of alcoholism measures (number of first-degree relatives with alcohol problems and percent of first-degree relatives with alcohol problems; all r Ͻ |0.22|, p Ͼ 0.12).
DISCUSSION
The central finding in this study was that TxNAs evidence higher power than controls across the to high ␤ bands, with the magnitude and anterior-posterior extent of these effects varying across bands. The largest and most widespread effects were for the low ␣ and mid ␤ bands, where the effects were present for all electrodes posterior to Fz. For the other bands, the effects did not extend as anteriorly and were of smaller magnitude. These differences in the effects across bands indicate that the effects are not a simple global increase in EEG power, but rather are specific and different effects for the various bands. Given that we asked all participants to abstain from alcohol for 24 hr before the EEG session, no participants had positive Breathalyzer test results on the day of their EEG study, and given that on average the TxNAs in our study reported experiencing withdrawal symptoms only approximately one fourth of the time, we believe it is highly unlikely that their EEG results reflect the effects of PAWH.
In the introduction, we reviewed the literature showing that there is a nexus of disinhibitory traits, deviance proneness, externalizing symptoms, and positive family history for alcoholism that often occur together and are strongly associated with alcoholism and other substance abuse. In its more severe manifestations, this nexus is represented in alcoholics with comorbid psychiatric, other substance abuse, and antisocial diagnoses. In addition, a relatively common set of EEG characteristics has been associated with the various aspects of this nexus.
The population studied here is unique with regard to this nexus. All participants met criteria for alcohol dependence (alcoholism), but they had at most a minimally greater family history for alcoholism than controls. Individuals with comorbid antisocial personality disorder, conduct disorder, depression, anxiety, or other substance abuse disorders were excluded. The TxNA sample came from a population with a history of early abusive drinking (in the first 5 years immediately after meeting criteria for heavy alcohol consumption) that was 30 -40% less in average and peak dose than treated samples (Fein and Landman, 2005) . They had an increased rate of externalizing symptoms and psychological evidence of deviance proneness compared with controls, although these rates were markedly less than those of treated samples (Fein et al., 2004) . Our hypothesis is that the population studied is composed of individuals with less severe manifestations of the nexus described above who have later developed alcohol dependence but no other diagnosable psychiatric or substance abuse disorders. We believe our results show that this select population is characterized by increased EEG power across the to high ␤ bands.
Although the sample studied (TxNA) was advantageous in that it is more representative of alcoholics in the general population in that it is an untreated sample free of comorbid disorders, there were limitations inherent in studying this sample. We did not examine severe active alcoholics, and although it is possible that our sample represents severe alcoholics in the relatively early stages of their alcoholism, previous examination of this population suggests that this is in fact a different population from alcoholics typically studied. Furthermore, the sample studied reported experiencing relatively minor withdrawal symptoms. Although it is beneficial to be able to show that it is highly unlikely that our results are associated with alcohol withdrawal, our results are silent on the EEG effects of more severe withdrawal that may be present in samples with greater alcoholism severity.
There are other limitations to the current study. In hindsight, we should have assessed for caffeine or nicotine dependence or recent caffeine or nicotine use to determine the degree to which such use or dependence could have influenced our EEG results. Finally, because our TxNA sample was almost by definition in denial about their alcoholism, it is also highly likely that they were in denial with regard to alcohol problems in their first-degree relatives. Their data regarding the family history of alcoholism assessment is highly suspect and may be a gross underreporting of alcohol problems in their extended families. Therefore, the negative findings regarding the association of the EEG power measures with the family history of alcoholism should be discounted.
Our data support the hypothesis that an effect of longterm alcohol abuse is to negatively impact the substrate underlying EEG power. Negative associations between EEG power and alcohol use variables (both dose and duration) suggest that a reduction in EEG power is a morbid effect of accumulating alcohol abuse. We acknowledge that this hypothesized effect of alcohol abuse is opposite to the increased EEG power effect that we hypothesize is associated with the inherited nexus of disinhibited traits that conveys a vulnerability to alcoholism. The current participants were studied at the relatively early stages of this process, before these morbid effects of chronic alcohol abuse could overpower the trait-related increased EEG power present in this sample of alcoholics.
With continuing alcohol abuse, we would expect to see the trait of increased EEG power in alcoholics overpowered by the effects of long-term severe alcohol abuse. That is, in longer-term and more severe alcoholics, we hypothesize that we would not see the increased EEG power observed in the current study. In the most severe and longestterm alcoholics, we hypothesize that we would see an actual reduction in EEG power. We have been studying a sample of long-term abstinent treated alcoholics in whom we can test these hypotheses.
